WHAT'S KNOWN ON THIS SUBJECT: The Centers for Disease Control and FITNESSGRAM BMI percentile thresholds are commonly used for obesity screening in youth. It is assumed that these thresholds are predictive of metabolic health risk, but little diagnostic data are available.
The percentile-based growth charts for BMI from the Centers for Disease Control and Prevention (CDC) are widely used for obesity screening in children and adolescents. 1 The charts are used to categorize youth into weight status groups (ie, normal weight, overweight, and obesity). 2 Alternative standards linking BMI and percentage body fat (% BF) were recently developed in FIT-NESSGRAM (FGram), a commonly used school-based fitness testing program. These standards were empirically derived by using nationally representative data from the National Health and Examination Survey (NHANES). Initially, %BF percentiles were created. 3 Then receiver operating characteristic (ROC) analyses identified %BF percentile thresholds that corresponded with metabolic risk factors. 4 Finally, %BF thresholds were equated to BMI values by using another ROC procedure. 5 Although BMI is unable to discern fat mass from fat-free mass, 6 these standards were linked to health risks on the basis of corresponding risks for body fatness. Although there are advantages of direct assessment of body fatness for screening, use of BMI is very common in schools as well as in clinical practice.
Both CDC and FGram thresholds were created by using the same CDC ageand gender-specific BMI percentiles. 2 FGram uses the 83rd and 92nd percentiles for boys and the 80th and 90th percentiles for girls. CDC thresholds are the 85th and 95th percentiles for both genders. Although routinely used, these CDC thresholds were not based on a health criterion but rather on a pre-obesity epidemic population distribution. Essentially, the 85th and 95th percentiles equate to a BMI 1 and 2 SDs above the mean, respectively. Whereas population-norm thresholds serve as a preliminary strategy for defining screening classifications, empirical testing is required to determine if youth in the "at risk" groups are truly at risk. The relative utility compared with current FGram standards has also not been evaluated. Therefore, the purpose of this study was to detail the diagnostic performance of FGram and CDC BMI standards to quantify metabolic risk. Because neither was developed to predict metabolic syndrome, a secondary goal was to complete an independent analysis to determine optimal cut points for detecting the condition.
METHODS Sample
Participants were 3385 adolescents from NHANES, which is a series of surveys designed to assess the nutrition and health status of noninstitutionalized children and adults. Five waves of NHANES data were combined (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Certain metabolic variables (eg, fasting glucose) were available in a subset of participants $12 years old, so the sample was restricted to those aged 12.0 to 18.9 years. Pregnant female participants and participants missing analytic variables were excluded. Because BMI thresholds are applied without regard to race/ethnicity, all participants were represented. The weighted racial/ ethnic breakdown of the participants was as follows: 10.7% Mexican American (53.5% male), 63.4% non-Hispanic white (50.8% male), 13.8% nonHispanic black (51.2% male), 5.7% other Hispanic (51.0% male), and 6.4% other race/multiracial (54.6% male). The NHANES protocols were approved by the research ethics review board of the National Center for Health Statistics. Written informed consent was obtained from all participants.
Anthropometric Variables
Stature was measured to the nearest 0.1 cm via digital stadiometer (Seca Corporation, Hanover, MD). Body mass was measured to the nearest 0.1 kg via digital scale (Toledo; Columbus, OH). BMI was calculated by using stature and mass (kg/m 2 ). Waist circumference was measured to the nearest 0.1 cm with a steel measuring tape just above the uppermost lateral border of the ilium at the end of a normal expiration. Measurements were taken by trained technicians with regular calibration and quality-control checks. Protocol, procedures, calibration, and quality control are detailed in the NHANES manuals available at http://www.cdc. gov/nchs/data/nhanes/nhanes_03_04/ BM.pdf.
BMI percentiles were calculated, and CDC standards were used to classify children as normal weight (BMI ,85th percentile), overweight ($85th and ,95th percentile), or obese ($95th percentile). FGram standards were used to classify children as "Healthy Fitness Zone" (boys: ,83rd percentile; girls: ,80th percentile), "Needs Improvement: Some Risk" (boys: $83rd and ,92nd percentile; girls: $80th and ,90th percentile), or "Needs Improvement: High Risk" (boys: $92nd percentile; girls: $90th percentile). From this point forward, the 3 groups created by both standards are referred to as "normal weight," "overweight," and "obese" to avoid confusion.
Metabolic Variables
Blood pressure was measured via mercury sphygmomanometer and recorded as the average of 3 or 4 consecutive measurements after sitting and resting quietly for 5 minutes. 7 Highdensity lipoprotein (HDL) cholesterol and fasting triglycerides were analyzed at the Johns Hopkins Lipoprotein Analytical Laboratory, and fasting glucose was analyzed at the University of Missouri-Columbia as detailed in the NHANES laboratory procedures manuals. 8 Waist circumference, blood pressure, triglycerides, HDL cholesterol, and ARTICLE fasting glucose were used to determine metabolic syndrome status. The Joliffe and Janssen 9 metabolic syndrome thresholds were used to make all classifications. This definition of metabolic syndrome was generated by using growth curves that are linked to the National Cholesterol Education Program/ Adult Treatment Panel III (ATP III) adult values. 10 Children were considered as having an individual metabolic risk factor if they had a high waist circumference, systolic or diastolic blood pressure, triglycerides, or fasting glucose or low HDL cholesterol. Children with $3 metabolic risk factors were considered as having metabolic syndrome. Using this method, if youth with metabolic syndrome were to maintain their current growth trajectories above these thresholds into adulthood, they would be diagnosed with metabolic syndrome using the adult definition.
Statistical Analysis
Descriptive statistics were calculated. Multiple analyses were used to investigate the utility of CDC and FGram thresholds to detect metabolic syndrome. First, the prevalence of metabolic risk factors and metabolic syndrome by weight status was calculated, followed by the sensitivity (ability to detect adolescents with metabolic syndrome) and specificity (ability to detect adolescents without metabolic syndrome) of the thresholds. Then, positive predictive values (PPVs; proportion of high-BMI adolescents with metabolic syndrome) and negative predictive values (NPVs; proportion of normal-BMI adolescents without metabolic syndrome) were calculated. Higher values for sensitivity, specificity, PPVs, and PPVs indicate more effective thresholds. Positive likelihood ratios (PLRs; = sensitivity/[1-specificity]) and negative likelihood ratios (NLRs; = [1-sensitivity]/specificity) were then calculated. A higher PLR and lower NLR are preferred. Logistic regression was used to estimate the odds of metabolic syndrome by weight status using CDC and FGram thresholds. A contrast was used to estimate the odds ratio between the overweight and obese groups.
Sensitivity and specificity were also calculated for the CDC and FGram thresholds while excluding a portion of the sample on the basis of weight status. First, sensitivity and specificity were calculated for the low-BMI threshold when excluding the obese (CDC) or high-risk (FGram) group. The overweight (CDC) or some-risk (FGram) groups were then excluded to calculate sensitivity and specificity for the high-BMI threshold.
In a separate analysis, ROC curves were used to determine optimal thresholds to detect metabolic syndrome. The analysis used presence of metabolic syndrome as the criterion and BMI percentile as the continuous test variable. The analysis evaluated the sensitivity and specificity of each possible BMI percentile to detect metabolic syndrome. The resulting data were used to select thresholds with a desired sensitivity and specificity. An ideal threshold would have a perfect 100% sensitivity and specificity (all cases would be either true positives or true negatives); however, this threshold is rarely possible. Sensitivity and specificity are inversely related and one must usually be sacrificed for a gain in the other. For more detailed descriptions of ROC procedures and interpretation, readers are referred to previous reviews. 11, 12 All analyses accounted for the complex sample design of NHANES, using the weighting, stratification, and clustering for estimates in SAS version 9.2 (SAS Institute, Cary, NC) and IBM SPSS version 20 (IBM SPSS Statistics, IBM Corporation, Armonk, NY).
RESULTS
Descriptive statistics are provided in Table 1 . The prevalence of metabolic syndrome was ∼7%. The prevalence of metabolic risk factors and metabolic syndrome by weight status are shown in Tables 2 and 3 . FGram thresholds resulted in a greater prevalence of obesity, with 24.9% of boys and 27.5% of girls above the high threshold compared with 18.0% and 17.1% of boys and girls, respectively, by CDC thresholds. The prevalence of metabolic syndrome in obese children was between 19% and 35% compared with #2% in the normal-weight groups. The prevalence of metabolic risk factors varied by gender and weight status, and usually the lowest prevalence was found in normal-weight children and the highest in obese children. However, this was not consistent for all risk factors. In most instances, the 95% confidence intervals overlapped between CDC and FGram thresholds. Table 4 includes the diagnostic performance data for detecting children with and without metabolic syndrome. Most overweight thresholds tended to have sensitivities approximating 90%. The exception was the girls' CDC threshold for which the sensitivity was ∼83%. Specificities for the overweight thresholds ranged between 67% and 73%. CDC obesity standards tended to have a higher specificity than FGram standards (CDC = 86%-87%, FGram = 76%-81%).
The sums of the sensitivities and specificities were greater for boys than for girls by using either set of thresholds. The CDC standards typically had higher PPVs and +PRs, whereas the FGram standards generally had higher NPVs and lower (better) NLRs.
The results of the logistic regression using weight status to predict metabolic syndrome are shown in Table 5 . A higher weight status was predictive of a greater odds of metabolic syndrome, except for the FGram low-risk threshold in boys. The contrasts indicate that youth classified as obese maintained a higher odds of metabolic syndrome than the overweight groups. The odds of metabolic syndrome for obese boys were 14 times higher than for overweight boys using the FGram standards, and 7.5 times higher using CDC standards. These odds ratios were smaller for girls, ranging from 2 to 3, although the odds ratio using the FGram standards was not significantly different from 1. The odds ratios using CDC thresholds were greater for boys, whereas odds ratios in girls were greater using FGram thresholds. This finding was reinforced by the model fit, where Nagelkerke pseudo r 2 values were larger for CDC thresholds than for FGram thresholds in boys. The opposite was true for girls, although the model fit was more similar between the 2 sets of thresholds. The odds of metabolic syndrome above the thresholds were larger for boys than for girls, regardless of the thresholds.
For boys, when excluding the CDC obese group, the low-BMI threshold had a sensitivity of 64.2% and a specificity of 83.2%. In contrast, when excluding the FGram high-risk group, the low-BMI threshold had a sensitivity of 37.8% and a specificity of 84.4%. For the high-BMI threshold, when excluding the CDC overweight group, the sensitivity was 92.1% and specificity was 85.2%. Using the high-BMI threshold for FGram, excluding the some-risk group resulted in a sensitivity of 92.9% and a specificity of 77.7%.
In girls, for the low-BMI threshold excluding the CDC obese group, the sensitivity was 54.0% and specificity was 83.4%. Using the low-BMI threshold for FGram, excluding the high-risk group resulted in a sensitivity of 37.8% and a specificity of 84.4%. When excluding the CDC overweight group, the high-BMI threshold had a sensitivity of 78.4% and a specificity of 83.9%. In contrast, when excluding the FGram some-risk group, the high-BMI threshold had a sensitivity of 88.4% and a specificity of 73.8%.
To complete the secondary aim of the study, ROC analyses were used with varying objectives (Table 6 , Fig 1) . The area under the ROC curve, a global indicator of the accuracy of BMI percentile to detect metabolic syndrome, was 0.890 and 0.856 for boys and girls, respectively. There is no single method to determine an optimal threshold, and because multiple levels of risk were desired, the selection of the resulting cutoff values was based on combinations of sensitivity and specificity. First, the single threshold with the highest sum of sensitivity and specificity was 12 This threshold maximizes the true-positive and true-negative rates but separates the sample into 2 groups, which could be thought of as "normal weight" versus "overweight/obese."
To create 3 risk groups, like the CDC and FGram thresholds, low-and high-risk thresholds were established. Sensitivity was prioritized for the low-risk threshold, and the BMI percentile that had a sensitivity of ∼90% with a specificity that was as high as possible was selected, which equates to 90% of children with metabolic syndrome having a BMI above the cutoff value. These thresholds approximated the 87th and 80th percentiles for boys and girls, respectively.
Specificity was prioritized for the highrisk threshold. The goal was a BMI percentile with a specificity close to 90% while maintaining the highest sensitivity possible. This threshold results in 90% of children without metabolic syndrome testing below the threshold. These thresholds were near the 97th percentiles for both genders. However, whereas the 97th percentile in girls had a specificity of 90%, the resulting sensitivity of the threshold was ∼50%, indicating that half of the girls with metabolic syndrome would test into the low-risk or normal-weight categories. Decreasing the desired specificity by 10% (to 80%) resulted in an increase of sensitivity of ∼20%, so the 91st percentile was selected. The resulting thresholds identified optimal thresholds similar to the CDC standards for boys and the FGram standards for girls.
DISCUSSION
This study highlights the utility of CDC and FGram thresholds to predict the presence of metabolic syndrome in a nationally representative sample of adolescents. Regardless of how such diagnostic thresholds are created, it is critical for practitioners in all settings (ie, clinical, public health, schools) to understand whether the thresholds can be used to differentiate between risk groups when applied in practice and to quantify such differences. This information also helps practitioners convey the consequences of overweight and obese BMI values to parents and children. We have shown that both the CDC and FGram thresholds are predictive of metabolic syndrome. Adolescents with a BMI percentile in the obese or high- Data in parentheses for sensitivity, specificity, and odds ratios are 95% confidence intervals. The referent category is children in the normal-weight group based on the proposed thresholds.
risk groups have significantly higher odds of metabolic syndrome than their normal-weight or Healthy Fitness Zone counterparts. The diagnostic performance of these BMI thresholds have been provided so that clinicians and practitioners can be aware of how the standards perform in practice and the preferred thresholds can be selected for the desired result.
Although there is no single measure of how well a particular BMI threshold performs, from a diagnostic standpoint adolescents with a higher BMI percentile should have a higher prevalence of metabolic disease than those with a lower BMI. Ideally, the prevalence of metabolic syndrome would be 0% in the normal-weight group and 100% in the highest-risk group. This situation is rare in practice. Instead, one would expect the lowest prevalence of metabolic syndrome in normal-weight children and the highest prevalence in obese children, with a graded relationship across normal, overweight, and obesity. For example, using CDC standards in boys, the prevalence of metabolic syndrome among normalweight children was 0.8%, but the prevalence among obese children was 35.4%. For both CDC and FGram standards, such a relationship was generally the case. However, for some risk factors, such as high blood pressure and high fasting glucose in girls, differences between thresholds were smaller or did not increase consistently by weight status.
Similar to prevalence, odds ratios between groups of weight status provide insight into the utility of thresholds. The odds of the condition should be low for normal-weight adolescents compared with upper-weight-status groups, providing for relatively large odds ratios. In the current study, odds of metabolic syndrome for obese boys were 46 to 67 times greater than those of normalweight boys, whereas obese girls were 19 to 22 times more likely to have metabolic syndrome than normalweight girls. Odds of metabolic syndrome in the overweight group were generally 6 to 9 times those in the normal-weight group. However, the FGram overweight threshold for boys was not statistically different from normal weight, indicating no additional likelihood of metabolic syndrome. Similarly, Agirbasli et al 13 found that BMI thresholds predicted risk of metabolic syndrome in 9-year-olds, with odds ratios ranging from 3.5 to 4.7. In an adult sample from NHANES, Ervin 14 found odds ratios of 6.2 and 31.9 for metabolic syndrome in overweight and obese males and odds ratios of 5.5 and 17.1 in females, respectively, when compared with normal weight (using adult BMI thresholds of 25 and 30) . This finding suggests that FGram and CDC thresholds have similar utility compared with adult thresholds to predict odds of metabolic syndrome. Such a relationship between sets of thresholds regardless of scale (raw BMI versus percentile) is beneficial, especially in longitudinal studies spanning adolescence into young adulthood.
Freedman et al 15 previously compared the CDC and FGram BMI standards by using data from the Bogalusa Heart Study and found that the reliability of the FGram thresholds across the age span was low. FITNESSGRAM has since updated the BMI standards and now uses the same BMI growth percentiles as the CDC, partially in an effort to correct this age-related limitation. 16 To our knowledge, this is the first examination of the diagnostic performance of current FGram thresholds using metabolic markers of disease. Both sets of thresholds were predictive of metabolic syndrome and performed appropriately well. Compared directly with CDC standards, a greater prevalence of obesity was found using the lower FGram thresholds (eg, CDC 85th percentile versus FGram 80th percentile). Because metabolic risk factors are positively associated with BMI percentile (ie, higher BMI values equate to more risk factors), higher thresholds will generally produce higher prevalence estimates. 17 Examples of this phenomenon are pronounced when comparing CDC and FGram obesity thresholds. In general, the CDC thresholds resulted in greater prevalence estimates of metabolic syndrome and metabolic abnormalities (Tables 2 and 3 ) and higher specificities, PPVs, and PLRs, with fewer false negatives (Table 4 ). In contrast, the lower FGram thresholds generally have higher sensitivities, NPVs, and lower (better) NLRs while identifying a greater portion of truepositive cases. The logistic models perhaps indicate that the CDC standards for boys and FGram standards for girls provide more predictive utility. However, it should be emphasized that there is no one measure of efficient standards and the thresholds can be selected depending on the desired result (falsenegative rate, feasibility, etc).
The ROC analysis identified percentiles close to CDC thresholds for boys and close to FGram thresholds for girls, supporting the previous analyses contrasting the 2 standards. The odds ratios using the 86.5th and 96.5th thresholds for boys are greater than those when using the current CDC standards, but similar for the girls' FGram thresholds. It should be pointed out that the low-risk ROC thresholds were designed to prioritize sensitivity over specificity, and the opposite was true for the high-risk ROC thresholds. This design ensures that the majority of metabolic syndrome cases ($90%) fall above the low-risk threshold, minimizing false negatives. Very few cases of metabolic syndrome occur in youth with a BMI below this threshold. In contrast, the high-risk ROC threshold prioritizes specificity, resulting in higher PPVs, where ∼40% of boys and 20% of girls who have a BMI in the highrisk zone have metabolic syndrome. A single threshold at the 83.8th percentile for girls might be equivalent to the girls' multithreshold standards (and easier to use) because the odds ratio when using 1 threshold was nearly equal to the high-risk threshold. The ROC results also provide support for a "severe obesity" threshold near the 97th percentile for boys and girls, where the odds of metabolic syndrome and specificity are high, 18 although future investigation focusing on an additional level of risk stratification is needed.
The areas under the ROC curve were 0.890 and 0.856 for boys and girls, respectively, indicating moderate accuracy. 19 BMI percentiles can be used with better diagnostic accuracy in boys than in girls. This situation was not only true for the ROC analysis but for all others in the current study. CDC and FGram standards were more predictive of metabolic syndrome, the prevalence of metabolic syndrome by weight status was higher, odds ratios by weight status were larger, and sensitivities and specificities were better when using the thresholds for boys compared with girls. In general, the prevalence of metabolic syndrome and most components of metabolic syndrome have been found to be higher in boys than girls, regardless of the definition used. [20] [21] [22] Whereas the specific mechanisms for these differences are difficult to elucidate within the context of the current study, it is clear that the association between BMI and metabolic syndrome is weaker in girls than in boys. This study is not without limitations. Although the definition of metabolic syndrome was based on ATP III criteria and growth curves from NHANES, 9 there is no universal definition. 32 The prevalence of metabolic syndrome may vary depending on the definition chosen. Additionally, differences may exist in the prevalence of metabolic syndrome between race/ ethnicity groups. 33, 34 However, neither the CDC or FGram BMI thresholds are race/ethnicity-specific. We recalculated the odds of metabolic syndrome by weight status (as in Table 5 ), controlling for race/ethnicity in an alternative analysis. We found no meaningful differences in the results (data not shown), indicating that the impact of race/ethnicity on the association between BMI and metabolic syndrome likely plays a small role in this analysis comparing the CDC and FGram standards. The ideal thresholds and diagnostic performance of any classification system will vary depending on the characteristics of the target population (race/ethnicity, socioeconomic status, the outcome selected, prevalence of the outcome, etc). Although NHANES provides a large, nationally representative sample of adolescents, data are cross-sectional. Our investigation details how weight status is associated with having metabolic syndrome, not prospectively being diagnosed. Additional research investigating the relationship of childhood weight status with future metabolic syndrome and providing prospective diagnostic information about these thresholds is necessary.
CONCLUSIONS
Regardless of how BMI standards and clinical thresholds are developed, they should be investigated to ensure that they impart meaningful health-related information to clinicians, teachers, parents, and children. Even though many practitioners already use BMI, there are still concerns over the lack of specific cutoffs relative to health risk. 35 We believe that our findings help fill this void by providing information on the 2 most widely used BMI standards in schools and clinics across the United States, although more research is still needed. Both CDC and FGram weight status thresholds were predictive of metabolic syndrome and metabolic abnormalities in this nationally representative sample of US adolescents. The independent ROC analyses identified ideal thresholds to detect metabolic syndrome that were more similar to the CDC standards for boys but aligned more closely with the FGram standards for girls. Although similar, the CDC, FGram, and ROC standards each present a different set of strengths and shortcomings. Although the FGram standards are popular, especially for fitness testing, the CDC thresholds are already more widely used by pediatricians and those working in public health care. Therefore, we recommend using the CDC standards so that children and parents receive consistent messages about weight status throughout growth and maturation. Additionally, we hope that these results inform practitioners and aid them in conveying the implications of having a BMI above (or below) these thresholds to parents and children.
